This paper describes shortly the process of identification of the mathematical model of spin stabilized artillery projectile's motion in the atmosphere. The aerodynamic characteristics needed for the motion model are identified by using artificially generated trajectory of projectile that imitates the flight path recorded by the 3D Doppler radar. The trajectories of 35 mm TP-T projectile were generated using the motion model with 6 degrees of freedom (6DoF model) with the aerodynamic coefficients produced by PRODAS software. The identification process was conducted for the explicit form of the modified point-mass trajectory model. The main goal of the presented work is to obtain valid tool for aerodynamic coefficients identification based on real data (e.g. recorded trajectory, meteorological data) gathered during field tests. It is essential to determine the number of measurements made by radar during the projectile's flight that is necessary for the identification process to be conducted correctly. Authors present some of the results of the simulation tests -identified coefficients and errors (relative and absolute) between the original trajectories and the trajectories generated with the identified model.
Introduction
According to NATO standardization documents (STANAG 4119, 2007) , in order to prepare firing tables for spin stabilized artillery projectile, the knowledge of the mathematical model describing the projectile's motion as well as the meteorological conditions during its flight are needed (Cech et al., 2014) . There are three most widely used projectile's motion models: point-mass (Motyl et al., 2017) , modified point-mass and the rigid body (STANAG 4355, 2009) . The main problem is determination of the particular projectile's aerodynamic coefficients used in each model. There are several different approaches to the process of the aerodynamic coefficients identification. These methods use informations that come from tests conducted in the aerodynamic tunnels (Champigny et al., 2002) , data contained in the firing tables (Baranowski and Kojdecki, 2007) or measurements of projectile's flight parameters during field tests (Chen et al., 1998 and Dutta et al., 2008) . The most precise and reliable results are possible to achieve with data based on the trajectories registered during the tests on the proving grounds. This paper presents a method for the mathematical model identification process, for the 35 mm TP-T projectile , based on the flight parameters measured with the use of 3D Doppler radar. In the simulation tests the explicit form of the modified point-mass trajectory model (with four degrees of freedom) is used . The designed method will be used as a basic component of the software, whose main task will be generation of firing tables for anti-aircraft artillery.
2. The procedure of the aerodynamic coefficients identification based on the recorded trajectory of projectile
The identification process is presented in Figure 1 . The identification procedure verification will be conducted for 35 mm TP-T ammunition, for which aerodynamic coefficients were generated using PRODAS software. Such approach ensures that the coefficients to be identified are known beforehand. The trajectories generated using those coefficients and the 6DoF model of the projectile's motion will be treated as trajectories measured with 3D Doppler radar (noise was added to the generated trajectories). 
Aerodynamic coefficients approximation
In order to generate trajectories of projectiles, one needs physical parameters such as: initial (muzzle) velocity, mass, diameter, moment of inertia, initial rotational speed of the projectile, and aerodynamic characteristics of the projectile. As it was mentioned before, trajectories used for data identification were generated using the 6DoF model and aerodynamic coefficients produced by PRODAS software. The identification process was conducted with the explicit form of the modified point-mass trajectory model. The coefficients of aerodynamic forces and moments for the 6DoF model were interpolated using griddedInterpolant class from MATLAB environment (pchip -shape-preserving piecewise cubic interpolation). In the modified point-mass model, the coefficients of the drag force, lift force, spin dumping moment are approximated using the following functions (Shanks and Walton, 1957 and :
The coefficients of the induced drag and Magnus force were treated as constant values in the whole considered velocity range (such assumption does not have a significant influence on the identification process). Figure 2 shows the original and starting values of the drag and lift force coefficients. One can argue that the initial shape of the coefficient is similar to the original and, therefore, the identification process is somehow enhanced by such a choice. However, the shape of the curves describing aerodynamic coefficients as a function of Mach number for particular type of the projectile can be easily found (a good example is the PRODAS software database). Therefore, similarities in the shape of the curve are considered normal. The starting values for all the coefficients in the identification process differ from original data by at least 50%.
Results and conclusions
The results of identification process of the aerodynamic drag and lift force are shown in Figure 3 . Figure 4 presents the relative and absolute errors (differences between chosen parameters of original trajectories generated withe the 6DoF model without any noise and the identified explicit form of the modified pointmass model) for projectile's range, height, drift, and velocity. The identification process was conducted for the range of 5 km which is the effective range for the TP-T ammunition according to firing tables supplied by the manufacturer. It can be seen that the absolute errors for the range, drift and height are not higher than few centimeters. The discrepancies that occurred are caused by the different level of complexity of the 6DoF model and the modified point-mass model. The 6DoF model takes into account greater number of aerodynamic forces and moments that affect the projectile during flight in the atmosphere. The following conclusions can be drawn from the simulation tests: Fig. 4 . Relative errors (left) and absoluter errors (right) for projectile's range, height, velocity and drift that are obtained as a result of the identification process.
• the identification process with the use of the explicit form of thee modified point-mass model was conducted correctly using the trajectory generated by the 6DoF model;
• the minimum number of measurement points along the trajectory of projectile (at least 50, which gives, considering the projectile flight time, one measurement for each 200 ms) needed for the correct identification process was established (for the 5 km range the number is easily reachable by modern Doppler radars).
